For many years, theoretical and functional accounts of priming focused on the essentially beneficial nature of the phenomenon. Priming was thought to reflect the experience-dependent enhancement or tuning of processes that support accurate identification of words and objects (e.g., Tulving & Schacter, 1990) . Thus, it has been said that "priming in the perception of particular objects or words exists to improve the identification process after an initial occasion" (Roediger, 2003, p. 14) . On this view, priming reflects enhanced perceptual discriminability of (or enhanced sensitivity to) recently encountered stimuli. Indeed, the literature is replete with demonstrations of priming-induced enhancements in stimulus identification accuracy.
A growing body of evidence, however, demonstrates that priming may be associated with performance costs as well as benefits. One of the paradigms used most frequently to demonstrate these costs and benefits is the forced choice perceptual identification (FCPI) task introduced by Ratcliff, McKoon, and Verwoerd (1989) . The stimuli in this degraded (i.e., briefly flashed) word that is similar to cat, the increased attraction exerted by the cat counter makes it more likely that the stimulus will be identified as that word (and that cat will therefore be selected from the two alternatives). If the flashed stimulus is indeed cat, this bias enhances the likelihood of a correct response choice; if the flashed word is car, this bias reduces the chances of a correct response choice.
An alternative explanation of the costs and benefits in the FCPI task rejects the idea that this pattern is due to biased processing of the flashed word and argues, instead, that it reflects (at least in part) a process occurring at the point of selection between the two response alternatives (Bowers, 1999) . In support of this view, Bowers demonstrated that performance costs and benefits in the FCPI task were obtained even when the flashed "word" to be identified in the test phase was a string of nonalphabetic symbols, followed by response choices of a studied word and its orthographic mate. In other words, participants' response choices were determined not by their interpretation of the flashed stimulus (which in this case was not even a meaningful item), but simply by their inclination to select a studied over an unstudied word when given such a choice. Such a tendency would enhance accuracy in the old condition (yielding a benefit) and decrease accuracy in the lure condition (yielding a cost). The inclination to select the studied response alternative could be driven by the enhanced processing fluency associated with studied (as compared with nonstudied) stimuli (Jacoby & Dallas, 1981) . In other words, when asked which response alternative matches a just-flashed word, participants may use the relative fluency of the two choices as the basis for their selection (judging that the fluency of the studied alternative must be due to the fact that it matches the just-flashed word). Such an effect would be akin to demonstrations that a variety of decisions (including stimulus preference and judgments of stimulus familiarity, clarity, or pleasantness) may be influenced by the fluency with which stimuli are processed (Reber, Winkielman, & Schwartz, 1998; Seamon, Brody, & Kauff, 1983; Whittlesea, Jacoby, & Girard, 1990 ). We will return to this idea later in the context of the present paradigm.
A third account of the costs and benefits seen in the FCPI task is that they reflect the operation of explicit, rather than implicit, memory processes. This conclusion follows from a study in our laboratory (Keane, Verfaellie, Gabrieli, & Wong, 2000) in which amnesic individualswho have marked impairments in explicit memoryperformed an FCPI task modeled on the one described above. In that study, control participants showed performance benefits and costs (as they had in previous studies), but amnesic patients showed a performance benefit alone, with no cost. We interpreted these data as suggesting that the symmetrical cost/benefit pattern in FCPI in normal participants (in our study and in prior studies) is the product of explicit memory mechanisms that are impaired in amnesia. On this view, normal participants' enhanced selection of the studied alternative reflects their tendency to choose words that they remember from the study list. Furthermore, these findings suggest that implicit memory paradigm are word pairs that differ from each other by one letter (e.g., case-care). For each pair, either one member or neither member is presented to participants in a study phase. In a subsequent FCPI task, words are flashed very briefly on a computer screen and are followed by two response choices, including the flashed word and its orthographic mate. The participants are asked to choose the response alternative that matches the just-flashed word. In the old condition, the flashed word appears in the prior study phase, so the studied alternative constitutes the correct response. In the lure condition, the orthographic mate of the flashed word appears in the prior study phase, so the studied alternative constitutes the incorrect response. In the unstudied condition, neither the flashed word nor the response alternative appears in the prior study phase, so this condition provides a baseline measure of identification accuracy (see Table 1 ). If participants are inclined (for whatever reason) to select the response alternative that appeared in the prior study phase, their accuracy in the old condition will be higher than that in the unstudied condition (a performance benefit), and their accuracy in the lure condition will be lower than that in the unstudied condition (a performance cost). Using this paradigm, Ratcliff et al. (1989) demonstrated that control participants show performance benefits and costs of equal magnitude, so that overall accuracy is not enhanced by prior stimulus exposure. These findings challenge the long-standing assumption that implicit memory effects are due to studyinduced changes in sensitivity.
The costs and benefits observed in the FCPI task can be understood in a number of ways. The most influential account of these findings comes from Ratcliff, McKoon, and colleagues (Ratcliff, Allbritton, & McKoon, 1997; Rat cliff & McKoon, 1996 , 1997 Ratcliff et al., 1989) , who argued that priming reflects a bias to identify a current stimulus in accord with a recently encountered stimulus. They have developed a mathematical model (the counter model) that instantiates this bias phenomenon. In this model, every word is associated with a mental representation, referred to as a counter, that accumulates evidence (e.g., from a visual stimulus) about the presence of that word; when the evidence accumulated by a counter exceeds some threshold, word identification occurs (i.e., that word is judged to be present). Recent exposure to a word (e.g., cat) in a study phase increases the attractive force of that word's counter, temporarily increasing the likelihood that that counter will accumulate evidence for that word. Thus, if a person subsequently encounters a perceptually the performance of amnesic patients. Although Masson's (2002) word frequency account may be pertinent to the sensitivity effect in amnesia, it cannot explain the absence of a cost/benefit pattern in that group. Nonetheless, Masson's (2002) argument highlights the possibility that word frequency may have played a role in the pattern of performance that we observed in amnesia. To explore this possibility in the present study, we directly manipulated the frequency of stimulus items in an FCPI task. We selected high-and low-frequency stimuli that were widely separated on the frequency spectrum in order to be confident that the functional frequency of the stimuli for amnesic patients would be lower for the latter than for the former stimuli. Masson's word frequency account of our earlier findings predicts that amnesic patients will show a benefit alone with the low-frequency stimuli but will show a cost/benefit pattern with the high-frequency stimuli. Alternatively, if implicit memory processes operate in accord with a sensitivity mechanism in the FCPI task (as we have hypothesized), amnesic patients should show a benefit alone with both high-and low-frequency stimuli, replicating the results we obtained in our prior study with mixed-frequency word lists.
EXPERIMENT 1A
In this experiment, we administered two FCPI priming tasks (one with high-and one with low-frequency words) and two forced choice recognition memory tasks (one with high-and one with low-frequency words) to amnesic and control participants. The latter tasks were included to document the explicit memory impairment in the amnesic group in tasks that were as parallel as possible to the priming tasks.
Method Participants
Twelve amnesic individuals (7 male, 5 female) with a variety of etiologies, including anoxia (n 5 7, one with a left partial temporal lobectomy), encephalitis (n 5 3), bithalamic stroke (n 5 1), and anterior communicating artery aneurysm (n 5 1), participated in this study. The amnesic group had a mean age of 56.5 years, a mean education of 14.3 years, and a mean verbal IQ score of 102.3, as measured by the Wechsler Adult Intelligence Scale-III ( WAIS-III; Wechsler, 1997a) . Their attentional abilities were intact, as evidenced by a mean score of 97.5 on the Working Memory Index of the Wechsler Memory Scale-III (WMS-III; Wechsler, 1997b) . However, their memory functioning was severely compromised, as indicated by a mean General Memory Index of 59.4, a mean Visual Delay Index of 65.7, and a mean Auditory Delay Index of 62.2 (see Table 2 ).
The control group included 12 healthy participants (4 male, 8 female) who had no prior history of alcohol abuse, neurological illness, or psychiatric disorder. The control group was matched to the amnesic group in terms of age (M 5 59.5 years), education (M 5 14.3 years), and WAIS-III verbal IQ (M 5 103.17; all ts , 1).
Materials
The critical stimuli were 96 pairs of low-frequency words (mean frequency 5 4.29 per million; range, 0-10) and 96 pairs of highfrequency words (mean frequency 5 431 per million; range, 74-10,790) (Francis & Kučera, 1982) . All the words were four to eight letters in length (M 5 5.0 for the low-frequency set and 4.6 for the processes (preserved in amnesia) operate in accord with a sensitivity mechanism in the FCPI task: Identification accuracy is facilitated by prior exposure to to-be-identified stimuli, and that enhancement is not offset by a performance cost in identification of words that resemble studied stimuli.
Perhaps the most controversial aspect of the conclusions that emerge from our findings in amnesia is the argument that symmetrical costs and benefits observed in control participants in the FCPI task are a by-product of explicit memory processes. For example, although Ratcliff and McKoon (1996, 1997) and Bowers (1999) disagree about the precise nature of the implicit memory mechanism underlying the cost/benefit pattern in FCPI, they share the view that those mechanisms operate within the domain of implicit memory. Masson (2002) offered an alternative account of our findings in amnesia, arguing that this alternative obviates the need to invoke explicit memory to explain the difference in performance between control and amnesic participants in FCPI. Masson noted that sensitivity effects have been observed in normal participants in an FCPI task when the stimuli are low-frequency words (e.g., Bowers, 1999; McKoon & Ratcliff, 2001; . He suggested that the sensitivity effect demonstrated by the amnesic patients in Keane et al. (2000) may have been due to the fact that the stimuli were experienced by the amnesic patients (but not by the control participants) as low-frequency words. (The actual frequency of words used in the study ranged from low to high.) On this view, performance in both control and amnesic groups may be mediated by implicit memory processes, and the distinct pattern of performance across groups may be understood solely with reference to the functional frequency of words in control and amnesic participants (and to the presumably distinct implicit memory mechanisms that are engaged by words of varying frequency).
A closer consideration of the findings in normal cognition, however, reveals that a word frequency account cannot provide a full explanation of our findings in amnesia. The paradigm that has been used to demonstrate sensitivity effects for low-frequency words (described in more detail in the General Discussion section) is a modified version of the FCPI task described above and is designed to measure sensitivity effects in isolation (i.e., with no possible role for bias mechanisms). Although normal participants have shown sensitivity effects for low-frequency words in this modified paradigm (Bowers, 1999; McKoon & Ratcliff, 2001; , it has never been argued that such evidence excludes a role for bias mechanisms in identification of low-frequency words. Notably, in the standard FCPI task, performance costs and benefits are routinely observed for low-frequency stimuli in normal cognition (Wagenmakers, Zeelenberg, Wagenmakers, & Raaijmakers, 2002) . By contrast, the pattern that we observed in amnesia (Keane et al., 2000) -a benefit in the absence of a cost in the standard FCPI task-points to an exclusive role for sensitivity in was identical for the amnesic and control groups (and was as close as possible to a counterbalanced design).
Procedure
The experimental procedure was conducted in one session, consisting of two FCPI priming tasks and two recognition memory tasks, each of which included a study phase and a test phase. The priming tasks were administered first, with the order of high-and low-frequency conditions counterbalanced across participants. Each priming task was preceded by a threshold-setting procedure (described below) to determine the appropriate exposure duration for the high-or low-frequency words in the test phase of the priming task to follow. The recognition memory tasks were administered second, with the order of high-and low-frequency conditions counterbalanced across participants. Each participant completed the experiment twice, with alternate test forms, in sessions separated by at least 1 month. (Two control participants were unable to participate in the second session, so the results from the first session were used in place of a mean across sessions.)
All the stimuli were presented in uppercase 36-point Courier font on the screen of a Macintosh computer. The participants were seated approximately 18 in. from the screen.
Preexperimental setting of stimulus duration. Prior to each priming task, we determined for each participant the exposure duration that yielded approximately 50% accuracy in identification of high-(or low-) frequency words without response alternatives. Pilot studies had indicated that this exposure duration would yield above-chance but below-ceiling performance in the forced choice identification task. The participants were asked to identify 60 highor low-frequency words presented at seven different exposure durations ranging from 11 to 117 msec. Each word was preceded by a fixation character (1) and was followed immediately by a mask consisting of superimposed H and X characters. After an initial estimate of the appropriate exposure duration, four additional 6-word lists were used to verify and adjust the duration necessary to yield approximately 50% accuracy. That exposure duration was used in the subsequent forced choice identification task. In the control group, the mean exposure duration was 32.3 msec for low-frequency words and 26.9 msec for high-frequency words. For the amnesic group, the mean exposure duration was 42.6 msec for low-frequency words and 35.3 msec for high-frequency words. A two-way mixed factorial high-frequency set). Each word in a pair differed from its mate by one letter. Within each word-frequency set, the difference occurred at the beginning of the word for 41 pairs (e.g., pull-full ), in the middle of the word for 28 pairs (e.g., change-chance), and at the end of the word for 27 pairs (e.g., duel-duet). For each participant, 96 pairs (48 high frequency and 48 low frequency) were used in the priming tasks, and the remaining 96 pairs (48 high frequency and 48 low frequency) were used in the recognition memory tasks. One hundred sixty-eight additional words (84 high frequency, M 5 221.19 per million; 84 low frequency, M 5 3.35 per million) were selected for use in a preexperimental threshold-setting procedure.
For purposes of the priming tasks, one word in each pair was designated the target word (the word to be flashed in the test phase), and the other the distractor word (the alternative response choice to be paired with the target word in forced choice identification in the test phase). The mean frequency of the target and distractor words did not differ in the high-frequency list ( p . .50) or in the lowfrequency list ( p . .50). Of the 48 pairs in each word frequency condition, 24 pairs were assigned to the unstudied condition, and 24 to the studied condition. In the unstudied condition, neither word of the pair appeared in the study phase. Of the 24 pairs in the studied condition, 12 were assigned to the old condition, and 12 to the lure condition. In the old condition, the target word from each pair appeared in the study list. In the lure condition, the distractor word from each pair appeared in the study list. In all conditions, the target word was flashed in the identification task (see Table 1 ).
The recognition memory tasks were designed to parallel the priming tasks as closely as possible. Thus, in each word frequency condition, 24 word pairs were assigned to the unstudied condition (in which neither word of the pair appeared in the study phase) and 24 to the studied condition (in which one word from each pair appeared in the study phase). All 48 pairs appeared in the two-choice recognition test phase. Designation of stimuli to old/lure conditions was not relevant to the recognition memory measure.
For each word frequency condition, complete counterbalancing of items-across the priming and recognition tasks, across the studied and unstudied conditions, and within the studied condition, across the old and lure conditions-required eight test forms. Because the number of participants in each group was not a multiple of eight, we were unable to achieve complete counterbalancing of items across tasks and conditions, but the distribution of forms across conditions We will return later to the fact that baseline performance differed in the high-and low-frequency conditions.
FCPI Priming Task
Low-frequency words. For each participant, we calculated the proportion of words identified correctly in each experimental condition (old, unstudied, lure; see Table 3 ). These data were submitted to a two-way mixed factorial ANOVA (by participants and by items) with factors of group (control vs. amnesic) and study condition (old vs. unstudied vs. lure). The main effect for group was significant only by items [F 1 (1, 22) We explored this interaction with follow-up ANOVAs to compare performance across groups separately for the benefit and the cost. To examine the benefit, we conducted a two-way mixed factorial ANOVA (by participants and by items) with factors of group and study condition (old vs. unstudied). The main effect for group was not significant [F 1 (1, 22) (1, 22 ) 5 3.6, p 5 .072; F 2 (1,190) 5 8.7, p , .01] , reflecting the larger benefit in the control group (.19) than in the amnesic group (.10). Analysis of simple effects indicated that the benefit was significant in both the control group [F 1 (1, 22) To examine the cost, we conducted a two-way mixed factorial ANOVA (by participants and by items) with factors of group and study condition (unstudied vs. lure). The main effect for group was significant [F 1 (1, 22) FCPI priming task. Each priming task consisted of a study phase and a test phase. In each study phase, the participants saw a target or distractor word from each of 24 high-or low-frequency word pairs. The words were presented singly on the computer screen for 2 sec, and the participants were asked to judge, on a scale of 1 to 5, how positive or negative the word was. Each word appeared twice, once in the first half and once in the second half of the study list, for a total of 48 trials.
The test phase followed immediately after the study phase. The participants were told that, on each trial, a word would be flashed briefly on the computer screen and would be followed by two response alternatives; they were to choose the alternative that matched the just-flashed word. On each of 48 trials, a target word was presented centrally on the computer screen at the predetermined exposure duration. It was preceded by a fixation (1) and was followed by a mask (consisting of superimposed H and X characters) that remained on the screen for approximately 500 msec. The response alternatives appeared immediately thereafter and remained on the screen until the participants responded by pressing one of two buttons on the keyboard in front of them. On each trial, one of the response alternatives matched the just-flashed target word, and the other was the distractor mate of the flashed word. On 24 of the trials, neither the flashed word nor its distractor mate had appeared in the prior study list; these trials constituted the unstudied condition and provided a baseline measure of identification performance. The remaining 24 trials constituted the studied (old or lure) conditions: On half of these trials, the flashed word had appeared in the study list (old condition); on these trials, the studied alternative was the correct response choice. On the other half of the trials, the distractor mate of the flashed word had appeared in the prior study list (lure condition); on these trials, therefore, the studied alternative was the incorrect response choice.
Recognition memory task. Each recognition memory task consisted of a study phase and a test phase. In the study phase, a new list of high-or low-frequency words was presented (one word from each of 24 pairs) with the same procedure described above. In the test phase, 48 high-or low-frequency word pairs were presented 1 at a time on the computer screen; half of the pairs included a word seen in the previous study phase, and half did not. (Only the former trials were included in the data analysis.) The participants were asked to choose which of the two words they had seen in the previous study list and to guess if they were unsure. They responded by pressing one of two buttons on the keyboard.
Results

Baseline Performance in the Perceptual Identification Task
The goal of the initial threshold-setting procedure was to establish an exposure duration for each participant that would yield above-chance but below-ceiling performance and approximately equal performance across groups and across word frequency conditions in the unstudied (baseline) condition. Such equating is important because the size of study-induced performance changes may be inherently dependent on baseline accuracy (Chapman, Chapman, Curran, & Miller, 1994) . In the control group, accuracy in the unstudied condition was .66 for low-frequency words and .62 for high-frequency words, and in the amnesic group, it was .73 for low-frequency words and .63 for high-frequency words. A two-way mixed factorial ANOVA with factors of group and word frequency indicated that overall accuracy in the unstudied condition did (Howell, 1992) to determine the power of our measure to detect a performance cost in amnesia, using the benefit of .09 in amnesia to estimate the expected effect size for the cost. Our analysis indicated that the power of our test to detect a cost of this size in the amnesic group was .85 (one-tailed test, α 5 .05).
In sum, for high-frequency words, the performance benefit was larger in the control than in the amnesic group but was significant in both groups. The performance cost was significant in the control group, but not in the amnesic group.
Patterns in FCPI With Performance Equated in the Unstudied (Baseline) Condition
We noted earlier the importance of equating performance in the unstudied condition across groups and conditions in order to examine study-induced performance changes. Because there was a significant effect of word frequency in the unstudied condition and a numerical (albeit nonsignificant) difference between groups in the unstudied condition, we reanalyzed the data with a subgroup of participants in whom performance across these conditions was more closely equated. We excluded the 2 amnesic patients with the highest performance in the low-frequency unstudied condition and the 2 control participants with the lowest performance in the high-frequency unstudied condition. In the resulting subgroup of control participants, accuracy in the unstudied condition was .67 for low-frequency words and .65 for high-frequency words, and in the amnesic subgroup, it was .70 for low-frequency words and .66 for high-frequency words. These data were submitted to a two-way mixed factorial ANOVA, which revealed no effect of group ( p . .60), no effect of word frequency ( p . .10), and no group 3 frequency interaction ( p . .50).
The pattern of performance in the FCPI task in this baseline-equated subgroup was essentially the same as that in the whole group, with the exception that some of the effects that were significant in the whole group were at a trend level in the subgroup. In short, with low-frequency words, the benefit was significant in the control group (.87 In sum, for low-frequency words, there were significant performance benefits and costs in both the amnesic group and the control group, and these benefits and costs were larger in the control group than in the amnesic group.
High-frequency words. The data for high-wordfrequency words (Table 3) were submitted to a two-way mixed factorial ANOVA (by participants and by items) with factors of group (control vs. amnesic) and study condition (old vs. unstudied vs. lure). The main effect for group was not significant [F 1 (1, 22) (2, 44 ) 5 9.4, p , .001; F 2 (2,380) 5 20.9, p , .001] indicated that the magnitude of benefits and/or costs differed across groups.
We explored this interaction with two ANOVAs to compare performance across groups separately for the benefit and the cost. To examine the benefit, we conducted a two-way mixed factorial ANOVA (by participants and by items) with factors of group and study condition (old vs. unstudied). The main effect for group was significant only by items [F 1 (1, 22) 09). An analysis of simple effects showed that the benefit was significant in the control group [F 1 (1, 22) 5 24.3, p , .001; F 2 (1, 190) 5 39.9, p , .001]; in the amnesic group, the benefit was significant by items and marginally significant by participants [F 1 (1, 22) 5 3.9, p 5 .062; F 2 (1, 190) 
To examine the cost, we conducted a two-way mixed factorial ANOVA (by participants and by items) with factors of group and study condition (unstudied vs. lure). The main effect for group was significant [F 1 (1, 22) (1, 190) 5 16.8, p , .001] indicated that the cost was larger in the als, opting for the easier task of selecting the response choice corresponding to the studied word. Such a strategy would tend to produce correct responses on old trials (in which the flashed word was indeed the studied word) and incorrect responses on lure trials (in which the flashed word was the mate of the studied word), resulting in performance benefits and costs. We suggested that in control participants, this pattern reflects, at least in part, the operation of explicit memory mechanisms that are unavailable to amnesic patients.
The results of the present study resemble those of our prior study (Keane et al., 2000) in that the performance of the control and amnesic participants differed; the nature of those group differences varied, however, depending on the frequency of the stimuli. In the present study, with high-frequency words, the amnesic patients failed to show the cost/benefit pattern that was observed in the control group and, instead, showed benefits alone in FCPI. This finding is an exact replication of the prior results we obtained in amnesic participants using word lists of mixed frequency (Keane et al., 2000) . The present result is consistent with the notion that the cost/benefit pattern with high-frequency words in control participants is mediated, at least in part, by explicit memory processes that are impaired in amnesia.
With low-frequency words in the present study, both groups showed costs and benefits, but these effects were smaller in the amnesic than in the control group. These results suggest that implicit memory mechanisms that are intact in amnesia produce costs and benefits in FCPI with low-frequency words, but that explicit memory mechanisms that are impaired in amnesia contribute to the benefits and costs observed in the control group.
In sum, with regard to the mechanisms mediating performance in the control group, the present results suggest that the cost/benefit patterns with high-frequency and low-frequency words in FCPI are mediated, at least in part, by explicit memory processes that are impaired in amnesia. We now will turn our discussion to the more novel aspect of the present findings, which concerns the different patterns of performance in the amnesic group with high-and low-frequency words.
Distinct Implicit Memory Mechanisms in the FCPI Task
Because explicit memory is impaired in amnesic individuals, their task performance provides a window onto the operation of implicit memory processes in relative isolation. We therefore will consider how their performance on the present task elucidates the nature of distinct implicit memory mechanisms.
The present results in amnesia were not predicted by either of the theoretical views that motivated the study. The word frequency account (Masson, 2002) of our prior findings in amnesia predicted benefits without costs in amnesia with low-frequency words and a cost/benefit pattern with high-frequency words, whereas our own view predicted benefits without costs with both highand low-frequency words in amnesia. Contrary to both
Recognition Memory Task
For the two-choice recognition memory tasks, we calculated, for each participant, in each word-frequency condition, the percentage of words recognized correctly. As was expected, recognition memory was impaired in the amnesic group, both for low-frequency words [amnesic mean 5 75.3%, control mean 5 96.0%; t (22) In the amnesic group, recognition memory was above chance, for both low-frequency words [t(11) 5 6.8, p , .001] and high-frequency words [t(11) 5 6.6, p , .001]; the difference in recognition accuracy for high-and lowfrequency words did not reach significance ( p . .15).
Discussion
Control participants showed significant costs and benefits in FCPI, with both low-frequency and high-frequency words. The amnesic group showed costs and benefits in FCPI with low-frequency words but failed to show this pattern with high-frequency words. Rather, with highfrequency words, they showed a performance benefit but no performance cost, a pattern consistent with a sensitivity mechanism.
These findings are inconsistent with the argument that our prior finding of a sensitivity pattern in amnesia in FCPI (Keane et al., 2000) was due to the fact that amnesic patients experienced the stimuli as low-frequency words. On that view, the amnesic group in the present study should have shown benefits alone with low-frequency words and a cost/benefit pattern with high-frequency words. Instead, they showed the opposite pattern, with low-frequency words eliciting costs and benefits and high-frequency words eliciting benefits alone.
Two separate aspects of the present findings merit consideration. The first concerns differences in performance between the control and amnesic groups and the implications of those differences for an understanding of the mechanisms underlying cost/benefit patterns of performance in FCPI in control participants. The second concerns the distinct patterns of performance in amnesic participants with high-and low-frequency words and the insights these findings might offer regarding the existence of distinct implicit memory mechanisms. We will consider each of these issues in turn.
Performance Costs and Benefits in FCPI: Mechanisms Underlying Performance in Control Participants
Control participants consistently show symmetrical costs and benefits in the FCPI paradigm (Keane et al., 2000; Ratcliff et al., 1989) . In our prior study, because we failed to obtain this pattern in amnesic participants in an FCPI task with word lists of mixed frequency (Keane et al., 2000 , Experiment 1), we argued that it was the product of explicit memory mechanisms in control participants. In short, because the identification task is rather difficult, control participants may resort to an explicit memory strategy on many tri-induced fluency contrast between response alternatives in the low-frequency condition and by study-induced sensitivity changes operating on the flashed word in the high-frequency condition. Before testing this hypothesis, however, we will consider the possibility that performance in amnesia can be understood in terms of weak residual explicit memory capacities coupled with a sensitivity mechanism. On this view, only one additional mechanism beyond explicit memory (i.e., a sensitivity mechanism) is required to explain performance across amnesic and control participants in this paradigm. Because explicit memory is above chance (but below normal) in the amnesic group, it is possible that this residual capacity produced the (above-chance but below-normal) costs and benefits in the low-frequency condition in amnesia. By this view, the absence of a cost/benefit pattern for high-frequency words could be due to the fact that explicit memory (which is numerically, albeit not statistically, lower for high-than for low-frequency words in amnesia) is insufficient to support costs/benefits in that condition. Correlational analyses, however, did not provide support for this view. In the low-frequency condition in amnesia, there was no association between explicit memory and benefit scores (old minus unstudied), between explicit memory and cost scores (unstudied minus lure), or between explicit memory and combined cost/benefit scores (old minus lure) (all ps . .50).
Thus, we entertain the hypothesis that performance in amnesia in the FCPI task is driven by a fluency-based response choice mechanism for low-frequency words and by a sensitivity mechanism for high-frequency words. We tested this hypothesis in Experiment 1B by examining the performance of amnesic patients in an FCPI task that differed in only one respect from the task in Experiment 1A: In the test phase, the participants were told that a word would be flashed and followed by two response alternatives, but in reality, no test word was flashed. Instead, a blank screen followed by a 500-msec mask was presented on each test trial and was followed by two response alternatives (a studied word and its orthographic mate), as in Experiment 1A. Old, unstudied, and lure trials (and what was considered the accurate response on each trial) were defined on the basis of the stimulus that would have been flashed on each trial in Experiment 1A. In reality, however, old and lure trials were indistinguishable from each other in Experiment 1B: On both sorts of trials, a mask was flashed and was followed by two response alternatives, including a studied word and its unstudied orthographic mate. (In the unstudied condition, the response alternatives included a word and its orthographic mate, but in this case, both response alternatives were unstudied.) Thus, in Experiment 1B, because there was no actual stimulus to identify in the test phase, the response could be driven only by the characteristics of the two response alternatives (and performance in the unstudied condition would be expected to be at chance). If the participants tended to choose the studied response on old and lure trials, they should show "benefits" (choosing the studiedi.e., "correct"-alternative in the old condition more often than in the unstudied condition), and "costs" (choosing views, amnesic patients showed benefits without costs with high-frequency words and a cost/benefit pattern with low-frequency words. One way to understand these results is to consider what is already known about differences in priming effects for high-and low-frequency words.
In standard perceptual identification tasks in which words are flashed in a test phase and no response alternatives are provided, low-frequency words elicit larger priming effects than do high-frequency words (i.e., the difference in identification accuracy for studied and unstudied items is greater for low-than for high-frequency words; Jacoby & Dallas, 1981) . Assuming that these priming effects reflect differential processing fluency for studied and unstudied words, it follows that the fluency differential, or contrast, between studied and unstudied words is greater for low-than for high-frequency words. In the FCPI task used in the present study, studied and unstudied response alternatives were provided after the target word was flashed; the fluency contrast between these response alternatives would have been greater in the low-than in the high-frequency condition. We hypothesize that the magnitude of that fluency differential between the response choices may be great enough in the low-frequency condition (but not in the high-frequency condition) to drive the response choice. As a result, in the low-frequency condition, the more fluent (i.e., studied) response alternative tends to be chosen, resulting in performance benefits and costs. The idea that performance in FCPI can be driven by the fluency differential of response choices (rather than by processing of the flashed word) is consistent with Bowers's (1999) demonstration (discussed earlier) that costs and benefits in FCPI can be obtained even when the flashed "word" is a nonsense string. In the present context, we are suggesting that this fluency-based effect is more likely to occur when the fluency contrast between response alternatives is maximal (i.e., when the words are low frequency). We suggest further that the presence of this effect does not exclude a role for sensitivity in performance, but that the effect of sensitivity (i.e., better discriminability for studied than for unstudied words) may be masked by the stronger influence of the fluency contrast between the response alternatives.
Because the fluency contrast between the response alternatives is not as great in the high-frequency condition, it may have little influence on performance. In this case, we hypothesize, performance is driven not by the fluency differential of the response choices, but by the discriminability of flashed words (i.e., by the participant's perceptual sensitivity to flashed words): Words that have appeared in the prior study phase are more accurately identified than words that have not (i.e., unstudied and lure words), so the correct response alternative is chosen more often in the old condition than in the unstudied or lure condition, and accuracy does not differ in the latter two conditions. Thus, in the high-frequency condition, the operation of a sensitivity mechanism is apparent and is unobscured by the relatively subtle fluency differential between the response alternatives.
In sum, we hypothesize that in amnesic participants, performance in the FCPI task is driven by the study-phase of the perceptual identification task, a 16-msec blank screen was flashed, instead of a word, and was followed by a 500-msec mask of superimposed H and X characters; (2) because no words were flashed in the test phase of the priming task, there was no preexperimental setting of stimulus duration; and (3) there was no recognition memory task.
The two priming tasks (one with high-and one with low-frequency words) were administered in one session, with the order of highand low-frequency conditions counterbalanced across participants. Each participant completed the experiment twice, with alternate test forms, in sessions separated by at least 3 weeks. (For 3 participants, technical problems prevented completion of one of the priming tasks in one session. In those cases, results from the other session were used in place of a mean across sessions.)
Results
Low-Frequency Words
For each participant, we calculated the proportion of low-frequency words identified "correctly" (i.e., in accord with what would have been the correct response had a test word been flashed) in each experimental condition (old, unstudied, lure; see Table 4 ). These data were submitted to a one-way ANOVA (both by participants and by items) followed by planned contrasts to examine the benefit (old vs. new) and the cost (new vs. lure). There was a significant effect for condition [F 1 (2, 30) 
High-Frequency Words
For each participant, we calculated the proportion of high-frequency words identified "correctly" in each experimental condition (Table 4) . A one-way ANOVA indicated that there was a significant effect of condition only in the item analysis [F 1 (2, 30) 
Discussion
The goal of Experiment 1B was to test a hypothesis about two distinct implicit memory processes that may contribute to performance in amnesia in the FCPI task: (1) a sensitivity mechanism that facilitates identification the studied-i.e., "incorrect"-alternative in the lure condition more often than in the unstudied condition).
Following our account of the results in amnesia from Experiment 1A, we made the strong prediction that, for low-frequency words in Experiment 1B, there would be a significant benefit and cost, as there was in Experiment 1A. This prediction follows from the hypothesis that the costs and benefits in amnesia for low-frequency words in Experiment 1A were driven by the study-induced fluency contrast between the response alternatives in the test phase. Because the absence of a flashed word in the test phase in Experiment 1B would not affect that fluency differential, we expected to observe similar costs and benefits under these conditions.
The predictions for high-frequency words in Experiment 1B were less clear, because the presence of benefits without costs for these stimuli in Experiment 1A was presumably driven not by the fluency differential between the response alternatives, but by the identifiability of flashed words in the test phase (as a function of whether or not they had been encountered in the study phase). Because the flashed word was absent in Experiment 1B, we expected, at a minimum, not to observe a benefit in the absence of a cost. It was possible, however, that in the absence of the opportunity for perceptual sensitivity effects to influence performance, we would observe modest costs and benefits for high-frequency words in Experiment 1B. Such a pattern would presumably reflect the subtle fluency contrast between the studied and unstudied response alternatives, even in the high-frequency condition.
In sum, Experiment 1B was designed to test a hypothesis about two distinct implicit memory processes that contributed to the performance of the amnesic patients in FCPI with high-and low-frequency words in Experiment 1A. Because the same pattern of performance was not observed in the control participants (presumably, because performance in that group was mediated by explicit memory processes), and because the performance of amnesic patients provides a purer measure of implicit memory processes, Experiment 1B included only amnesic participants.
EXPERIMENT 1B
Method Participants
This experiment included 16 amnesic individuals, 11 of whom had participated in Experiment 1A. (There was an interval of at least 3 months between the two experiments.) This group consisted of 7 men and 9 women with amnesias of varying etiologies, including anoxia (n 5 6, one with a left partial temporal lobectomy), encephalitis (n 5 3), bithalamic stroke (n 5 1), and anterior communicating artery aneurysm (n 5 6). They had a mean age of 59.3 years, a mean education of 13.9 years, and a mean WAIS-III verbal IQ score of 101.1. Their attentional abilities were intact, as indicated by a mean WMS-III Working Memory Index of 96.1. Their memory functioning was severely impaired, as indicated by a mean General Memory Index of 61.9, a mean Visual Delay Index of 68.3, and a mean Auditory Delay Index of 62.5 (see Table 2 ).
Materials, Design, and Procedure
The materials, design, and procedure were identical to those used in Experiment 1A, with the following exceptions: (1) In the test reflects, at least in part, processes operating at the level of the response choices (see also Bowers, 1999 ). Although we did not observe sensitivity effects for low-frequency words in the present study, we do not infer thereby that sensitivity effects cannot be obtained for such stimuli. Indeed, a number of studies have demonstrated sensitivity effects for low-frequency words in a version of the FCPI task that differs slightly from the one used in the present study (see below). We suggest that in the present paradigm, sensitivity effects in amnesia for low-frequency words may have been masked by the more potent fluencybased response choice effect.
Our finding in amnesia of sensitivity effects in FCPI with high-frequency words presents something of a puzzle, since it appears to be at odds with several published findings in normal cognition that suggest that sensitivity effects are not obtained for high-frequency words in the FCPI task (McKoon & Ratcliff, 2001; . There is one methodological difference between those studies and the present one: In most prior studies, sensitivity has been measured as the difference in identification accuracy in a condition in which both response choices (e.g., case and care) appeared in the study phase, as compared with a baseline condition in which neither response choice appeared in the study phase (equivalent to our unstudied condition). It has been argued that any performance improvement in the both-studied, as compared with the neither-studied, condition could not be due to bias, because a study-induced bias would favor equally both response choices in the bothstudied condition. Such an effect could be due only to enhanced sensitivity for flashed words that had appeared in the prior study phase. 1 In normal cognition, this sensitivity effect has been observed for low-frequency words but has not been observed for high-frequency words. Because the present paradigm did not include a both-studied condition, it provided a different measure of sensitivity: a performance benefit (old . unstudied) in the absence of a performance cost (i.e., no decrement in the lure, as compared with the unstudied, condition). 2 By this measure, we observed a sensitivity effect for high-frequency words in amnesia. Future research will be needed to ascertain whether our findings in amnesia are paradigm specific or whether they reflect a fundamental difference in the nature of the mechanisms that mediate priming in amnesia and in normal cognition.
Explicit Memory Contributions to Performance in the FCPI Task
The distinct patterns of performance for high-and low-frequency words that we observed in amnesia were not evident in the performance of healthy control participants in Experiment 1A; instead, control participants showed costs and benefits (exceeding in magnitude those observed in amnesia) for both high-and low-frequency words. We hypothesize that the FCPI task elicited explicit memory strategies in our control group that were unavailable to the amnesic group (see also Keane et al., 2000) . Such strategies may have led the participants, on many triof studied stimuli in the test phase, yielding benefits in the absence of costs (as observed with high-frequency words in the amnesic group in Experiment 1A), and (2) a fluencybased response choice mechanism that drives selection of a response choice in the test phase, yielding a pattern of benefits and costs (as observed with low-frequency words in the amnesic group in Experiment 1A). Experiment 1B was designed to eliminate the possible contribution of the first (sensitivity) mechanism to performance in the FCPI task by omitting the flashed word from the test phase, leaving only the fluency contrast between the response choices to drive performance. For low-frequency words, we predicted that, despite the omission of the flashed word, we would still observe benefits and costs. The results are consistent with this prediction. For high-frequency words, we predicted that the omission of the flashed word would eliminate the sensitivity pattern (a benefit in the absence of a cost) that was observed in the amnesic group in Experiment 1A. Our findings are consistent with this prediction in that they revealed (in the item analysis) a cost/ benefit pattern in place of a benefit alone. Thus, in the absence of the possibility for a sensitivity mechanism to influence performance, a response choice fluency pattern emerged for high-frequency words.
GENERAL DISCUSSION
The present study revealed an unexpected role for word frequency in the performance of amnesic patients in the FCPI task: With low-frequency words, there were benefits and costs in performance, whereas with high-frequency words, there was a benefit alone in performance (Experiment 1A). For low-frequency words, the benefit/cost pattern was present even when the flashed word was omitted in the test phase (Experiment 1B), consistent with the idea that this effect operated at the level of response choices and that it resulted from the participants' tendency to choose the alternative that was more fluent. For high-frequency words, the sensitivity effect was eliminated by omitting the flashed word (Experiment 1B), consistent with the notion that that this effect in Experiment 1A operated at the level of identification of the flashed word.
Implicit Memory Mechanisms Mediating Performance on the FCPI Task
Our results demonstrate that, when the contribution of explicit memory performance is reduced or eliminated (as in amnesia), the operation of two mechanisms becomes apparent in the FCPI task: a fluency-based response choice mechanism (yielding costs and benefits in performance) and a sensitivity mechanism (yielding benefits in the absence of costs).
The fact that the benefit/cost pattern was present even under conditions in which no test word was flashed (Experiment 1B) is theoretically important: This effect cannot be explained by counter model, which assumes that such effects reflect biased processing of the flashed word. This finding suggests, instead, that the cost/benefit pattern in the FCPI paradigm the cost/benefit pattern with low-frequency words in amnesia, consistent with the idea that the cost/benefit pattern reflects the differential fluency of the response choices (rather than biased processing of the flashed word). These results replicate and extend our prior findings in amnesia, which demonstrated sensitivity effects in an FCPI task with mixed-frequency word lists (Keane et al., 2000) . Together with our prior findings, the present results in amnesia suggest that implicit memory effects in the FCPI task reflect the operation of at least two mechanisms-a fluency-based response choice mechanism and a perceptual sensitivity mechanism-the relative contributions of which may vary with the frequency of the test stimuli. These findings are in keeping with the spirit of recent empirical and modeling work that has highlighted the combined contributions of multiple mechanisms to a broad range of priming effects in normal cognition (Ratcliff & McKoon, 2000; Zeelenberg et al., 2002) .
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These findings (and similar results in Keane et al., 2000, Experiment 1) highlight the need for caution when interpreting the performance of control participants in the FCPI task. Findings from control participants in this paradigm have been central to theories about the cognitive mechanisms underlying implicit memory (e.g., Schooler, Shiffrin, & Raaijmakers, 2001) . It is therefore important to be sure that the performance of control participants does indeed reflect the operation of implicit, rather than explicit, memory mechanisms. Our findings in amnesia suggest that, at least under some conditions, the performance of control participants reflects the operation of explicit memory strategies. Mc Koon and Ratcliff (2001) pointed out that the nature of the instructions in the study phase may influence the likelihood that control participants will use explicit memory in the identification task; for example, when instructed to memorize the words in the study phase for a later memory test, control participants will be less likely to use explicit memory in the identification task because they assume that another (explicit) test phase will follow. McKoon and Ratcliff (2001) suggested that when the study phase is not assigned a purpose (e.g., when participants are asked simply to read words aloud), they are more likely to assume that it is intended to aid them in the subsequent identification task and so will think back to the studied words (i.e., will use explicit memory) when performing the identification task. The present findings suggest that even when participants are assigned a task to complete in the study phase (in this case, to rate how positive or negative words are), they may still use explicit memory in the identification task.
Summary and Conclusions
The present study explored the role of word frequency in study-induced performance changes in an FCPI task. Control participants showed performance costs and benefits in FCPI with high-and low-frequency words, replicating well-established effects from prior studies in normal cognition that used mixed-frequency lists. The pattern of performance in the amnesic group differed from that in the control group, consistent with the idea that the cost/ benefit effects in FCPI observed in normal cognition reflect a contribution of explicit memory processes that are not available in amnesia (see also Keane et al., 2000) . The results from the amnesic group provide a more accurate index of implicit memory processes in FCPI, and those results revealed a cost/benefit pattern in FCPI with low-frequency words and benefits alone in FCPI with high-frequency words. Omission of the flashed word in the test phase eliminated the benefits-only pattern with high-frequency words in amnesia but did not eliminate
